Abstract. The aim of the present study was to evaluate the efficacy of a potassium-competitive acid blocker (P-CAB), vonoprazan, for the maintenance therapy of healed reflux esophagitis (RE). A total of 60 patients were enrolled in this open-label, single-center, prospective study. All patients were diagnosed with RE with a frequency scale for the symptoms of gastroesophageal reflux disease (FSSG) total score ≥8 following treatment with standard proton pump inhibitors (PPIs) for a minimum of 8 weeks. Standard PPI treatment was switched to vonoprazan 20 mg once daily for 4 weeks. A total of 52 patients, who had no endoscopic evidence of erosive esophagitis following vonoprazan treatment, received maintenance therapy with vonoprazan 10 mg once daily for 24 weeks. Symptoms were evaluated using the FSSG and Gastrointestinal Symptom Rating Scale (GSRS). Upper gastrointestinal endoscopies were performed following 24 weeks of maintenance therapy. The primary endpoint was to determine the proportion of patients who exhibited maintenance of healed RE refractory to PPIs following 24 weeks of maintenance therapy with vonoprazan 10 mg once daily. Secondary endpoints included evaluation of the proportion of patients with symptomatic non-relapse at 24 weeks. Maintenance therapy with vonoprazan 10 mg once daily prevented relapse of esophageal mucosal breaks in 37/43 (86.0%) patients at 24 weeks. However, the number of patients with symptomatic relapse was 1 (1.9%) and 4 (7.7%) at 4 and 8 weeks, respectively. A total of 4 patients were withdrawn due to loss to follow-up. At the end of the 24-week maintenance period, the symptomatic non-relapse rate for acid reflux-associated and dysmotility symptom FSSG scores were 86.5 and 80.8%, respectively. Furthermore, the symptomatic non-relapse rate for reflux, abdominal pain, indigestion, diarrhea, and constipation GSRS scores at 24 weeks were 86.5, 80.8, 75.0, 71.2 and 76.9%, respectively. No serious adverse events were reported during the study. The mean gastrin level was 1,059 pg/ml. In conclusion, the results of the present study indicate that vonoprazan 10 mg once daily is effective for 24-week maintenance therapy of healed RE refractory to PPIs.
Introduction
In recent decades, the prevalence of gastroesophageal reflux disease (GERD) has increased in Japan (1) . This may be attributed to an increase in gastric acid secretion, a decreased prevalence of Helicobacter pylori infection, novel techniques that allow more sensitive detection and diagnosis of GERD, and the amendment of endoscopic finding criteria according to the modified Los Angeles (LA) classification (2, 3) . The occurrence of GERD symptoms, including heartburn and acid reflux, at least once a week may considerably affect the quality of life (QoL) of patients with GERD (4-7). As such, the clinical practice guidelines for GERD established by the Japanese Society of Gastroenterology emphasize the importance of achieving complete resolution of symptoms (1) . GERD is classified into two categories: Non-erosive reflux disease (NERD) and erosive esophagitis (EE) (8) .
Proton pump inhibitors (PPIs) are recommended as the first-line treatment for GERD as they are potent inhibitors of gastric acid secretion (1, 4) . However, a previous study reported that 40 -50% of patients with NERD and 6-15% of those with EE were refractory to PPIs treatment (9) . In a recent multicenter prospective study from Japan, the endoscopic healing rate of standard-dose PPIs was ~70% in patients with reflux esophagitis (RE) of LA grade C and ~60% in patients with RE of LA grade D (10) . Due to these low healing rates, many patients receiving the current standard treatment are not satisfied with their gastrointestinal QoL (10) .
Vonoprazan is a novel potassium-competitive acid blocker (P-CAB), part of a new class of gastric acid-suppressant agents. Similar to PPIs, P-CABs inhibit gastric H enzymes in a K + -competitive and reversible manner (11, 12) . Vonoprazan is stable in gastric juice, has a quick action and its effect lasts for a long time (13) (14) (15) . Vonoprazan undergoes substantial metabolic elimination independently of CYP2C19 polymorphism (15) . Therefore, the onset of the acid-inhibitory effect of vonoprazan is more rapid than that of esomeprazole in healthy Japanese adult male volunteers with the CYP2C19 extensive metabolizer genotype (15) . In a phase 3 clinical trial, the endoscopic healing rate of RE following treatment with vonoprazan 20 mg for 8 weeks was 99% (16) . Recent studies have revealed that vonoprazan 20 mg is effective for a majority of Japanese patients with RE refractory to PPIs (17) (18) (19) . However, to the best of our knowledge no studies have evaluated the clinical value of maintenance therapy with vonoprazan 10 mg in patients with RE.
The aim of the present study was to evaluate the efficacy of vonoprazan 10 mg for maintenance therapy of healed RE refractory to PPIs. The primary goal was to determine the proportion of patients who had maintenance of healed RE refractory to PPIs following 24 weeks of maintenance therapy with vonoprazan 10 mg. The secondary goal was to evaluate the proportion of patients with symptomatic non-relapse at 24 weeks.
Materials and methods

Study design.
This open-label, single-center, prospective study was conducted at the Toyama City Hospital (Toyama, Japan) between March 2015 and January 2017 following the approval of the Institutional Ethics Committee (no. 2014-21). All patients provided written informed consent prior to study enrollment. All study procedures were performed in accordance with the 1964 Declaration of Helsinki and its later amendments.
Patients and treatments.
Patients aged ≥20 years, with endoscopically diagnosed RE on the modified LA classification grade (3) between A and D were recruited for the present study. RE refractory to PPIs was defined as patients who had a Frequency Scale for the Symptoms of GERD (FSSG) (20) total score of ≥8 after ≥8 weeks of treatment with standard doses of PPIs (rabeprazole 10 mg once daily, omeprazole 20 mg once daily, esomeprazole 20 mg once daily or lansoprazole 30 mg once daily). Patients with RE refractory to PPIs who had no endoscopic evidence of erosive esophagitis following oral administration of vonoprazan (Takeda Pharmaceutical Company Ltd., Osaka, Japan) 20 mg once daily after breakfast for 4 weeks were eligible for inclusion in the present study Eligible patients received maintenance therapy with vonoprazan 10 mg once daily for 24 weeks. To avoid potential bias, concomitant treatment with vonoprazan, H2-receptor antagonists, prokinetic agents, mucosal protective factor enhancing agents and anticholinergic agents was prohibited. Other pharmacological agents, namely herbal medicine and antidepressive agents, thought to interact with the study drug, were also prohibited.
Patients with serious organ dysfunctions or malignant tumors, as well as those with concomitant gastrointestinal diseases, including esophageal stricture, achalasia, eosinophilic esophagitis, inflammatory bowel disease, primary esophageal motility disorders, Zollinger-Ellison syndrome and malabsorption syndrome, were excluded from the study. Concomitant use of non-PPI drugs prior to providing informed consent was permitted as long as the dosage remained stable throughout the study period. Patient demographics and characteristics are presented in Table I .
Endoscopic assessments and endpoint. The severity of esophagitis was determined by endoscopic examination using the modified LA classification grade between A and D, with M and N (3, 21) . This adds additional grades N, which is defined as no apparent mucosal change, and M, which is defined as minimal changes in the mucosa, including erythema and/or whitish turbidity (3). Healing was defined as no detectable erosive reflux (LA grade N or M). A diagnosis of hiatus hernia was made when the retroflexed endoscope, under the condition of gastric inflation, revealed gaping esophageal lumen allowing the squamous epithelium to be viewed below (22) . Atrophic gastritis was diagnosed by endoscopy using the Kimura-Takemoto endoscopic classification (C-1, C-2, C-3, O-1, O-2 and O-3) (23). Upper GI endoscopy, which was performed transorally or transnasally in an unsedated condition, was conducted at 24 weeks in order to evaluate the presence or absence of esophageal mucosal break relapse. Morning fasting gastrin levels in serum were measured at the completion of maintenance therapy with vonoprazan 10 mg for 24 weeks, via radioimmunoassay according to a Gastrin RIA kit® produced by Fujirebio Diagnostics, Inc. (Tokyo, Japan). The primary efficacy endpoint was the endoscopic remission rates (percentage of patients with healing RE) at 24 weeks.
Symptomatic assessments and endpoint. The incidence of GERD symptoms was determined using the FSSG (20) and the gastrointestinal QoL was assessed using the Japanese version of the Gastrointestinal Symptom Rating Scale (GSRS) (24) . The FSSG is a 5-point scale (never, 0; occasionally, 1; sometimes, 2; often, 3; and always, 4) that rates the frequency of 12 symptoms associated with the gastrointestinal tract, which are divided into 2 subscales: Acid reflux-associated symptoms, in which the sums of the respective scores of items 1, 4, 6, 7, 9, 10 and 12 are calculated; and dysmotility symptoms, in which the sums of the respective scores of items 2, 3, 5, 8 and 11 are calculated. A total score of 8 points or higher is suggestive of RE/GERD (20) . The GSRS questionnaire is a 7-point scoring system (no discomfort at all, 1; minimal discomfort, 2; mild discomfort, 3; moderate discomfort, 4; moderately severe discomfort, 5; severe discomfort, 6; and very severe discomfort, 7) that rates the level of daily life discomfort associate with 15 gastrointestinal tract symptoms, which are divided into 5 subscales: Reflux (heartburn and acid regurgitation), abdominal pain (abdominal pain, hunger pain and nausea), indigestion (borborygmus, abdominal distension, eructation and increased flatus), diarrhea (diarrhea, loose stools and urgent need for defecation) and constipation (constipation, hard stools and a feeling of incomplete evacuation) (24) .
Patients were asked to complete the FSSG and GSRS questionnaire at 0 (the baseline), 4, 8 and 24 weeks. Symptom relief was defined as FSSG scores and GSRS scores that were similar to or lower compared with the baseline. Symptomatic relapse was assessed using acid reflux-related symptoms and defined as 3 consecutive days with moderate/severe heartburn and acid regurgitation during the 24-week maintenance therapy. Patients with symptomatic relapse were withdrawn from the study. Secondary endpoints evaluated the proportion of patients with symptomatic non-relapse at 24 weeks; patients reported the presence or absence of epigastric pain, post prandial fullness and early satiation, and rated the frequency, onset and severity of these symptoms. Those with postprandial fullness or early satiation more than 1 day a week and those with epigastric pain of more than mild severity at least 1 day a week for over 6 months were defined as having functional dyspepsia (FD) according to the Rome III criteria (25) . Additionally, patients with abdominal pain or discomfort at least 3 days a month in the last 3 months were defined as having irritable bowel syndrome (IBS) according to the Rome III criteria.
To evaluate the symptoms of RE without esophageal erosions despite prior vonoprazan 20 mg treatment, patients were divided into two groups; FSSG score ≥8 and FSSG score <8. Associations between total FSSG score improvement (a decrease in total score to ≤8) and the FSSG subscales and GSRS subscores were assessed.
H. pylori infection was evaluated based on anti-H. pylori IgG antibody titers, using a cutoff value of 10 U/ml according to the LZ Test ® produced by Eiken Chemical Co., Ltd. (Tokyo, Japan).
Statistical analysis. Analyses were performed for the intention-to-treat (ITT) population. The distribution of LA classification grades prior to treatment with vonoprazan 20 mg and following 24 weeks of maintenance therapy with vonoprazan 10 mg were compared using the Wilcoxon signed-rank test. The FSSG and GSRS scores were compared prior to and following maintenance therapy with vonoprazan 10 mg. Results are presented as the mean ± standard deviation or as number (%) of patients. Intergroup comparisons were performed using the χ 2 test for categorical data and Student's t-test for continuous data. The FSSG total score following 4 weeks of treatment with vonoprazan 20 mg (prior to maintenance therapy) was used as the response variable for the evaluation of patient demographic and clinical characteristics. Additionally, the patient demographic and clinical characteristics were also compared between the FSSG score ≥8 and FSSG score <8 groups. Patient demographic factors used as explanatory variables were age, gender, body mass index (BMI), duration of illness, type and dose of previous PPI treatment, presence or absence of Helicobacter pylori (H. pylori) infection, presence or absence and details of gastrointestinal complications (including hiatal hernia and atrophy of gastric mucosa) and the presence or absence and details of complications (including FD, IBS, diabetes mellitus, hyperlipidemia and hypertension). Statistical analysis was performed using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Study profile. The flow of patients through the study is presented in Fig. 1 . A total of 60 patients with RE refractory to PPIs were enrolled in the present study. Of these, 52 patients with healed RE refractory to PPIs received maintenance therapy with vonoprazan 10 mg once daily for 24 weeks. During maintenance therapy, the number of patients with symptomatic relapse was 1 (1.9%) and 4 (7.7%) at 4 and 8 weeks, respec- Table I ). Otherwise, no significant differences in patient demographic and clinical characteristics were observed between the FSSG <8 and ≥8 groups ( Table I) .
Efficacy of maintenance therapy: Endoscopy. Following 24 weeks of vonoprazan 10 mg maintenance therapy, 37 patients were classified as grade M, and so the overall non-relapse rate was 86.0% Of the 6 patients who experienced esophageal mucosal break relapse, 4 were grade A and two were grade B. Overall, LA grades significantly improved after 24 weeks of maintenance therapy (P<0.001; Fig. 2 ).
Efficacy of maintenance therapy: GERD symptoms and gastrointestinal QoL.
The GERD symptoms and gastrointestinal QoL during maintenance therapy are presented in Fig. 3 . The symptomatic non-relapse rate for the acid reflux-associated and dysmotility symptom scores of FSSG were 92.3 and 88.5% at 8 weeks and 86.5 and 80.8% at 24 weeks, respectively (Fig. 3) . Furthermore, the symptomatic non-relapse rate for reflux, abdominal pain, indigestion, diarrhea and constipation scores of GSRS were 88.5, 82.7, 76.9, 75.0 and 69.2% at 8 weeks and 86.5, 80.8, 75.0, 71.2 and 76.9% at 24 weeks, respectively (Fig. 3) .
Association between FSSG total score improvement and FSSG subscales. In the FSSG ≥8 group, changes in the acid reflux-associated symptom scores were 9.26±3.2, 3.78±3.2 and 3.41±4.2 at 0, 8 and 24 weeks of maintenance therapy, respectively. The scores were significantly lower at 8 and 24 weeks compared with the baseline (P<0.001; Table II ). Changes in dysmotility symptom scores were 6.00±3.4, 3.22±2.9 Table II ).
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
In the FSSG <8 group, changes in the acid reflux-associated symptom scores were 2.72±1.7, 1.60±1.7 and 2.12±2.0 at 0, 8 and 24 weeks of maintenance therapy, respectively. The scores were significantly lower at 8 weeks compared with the baseline (P<0.05; Table II ). Changes in the dysmotility symptom scores were 1.84±1.3, 1.32±1.7 and 1.64±1.9 at 0, 8 and 24 weeks of maintenance therapy, respectively. No significance differences in dysmotility symptom scores of FSSG were observed during the 24-week treatment period.
Association between FSSG total score improvement and GSRS subscales. In the FSSG ≥8 group, the reflux scores of GSRS were 6.44±2.6, 3.81±1.7 and 3.37±1.9 at 0, 8 and 24 weeks of maintenance therapy, respectively. The scores were significantly lower at 8 and 24 weeks after switching to vonoprazan 10 mg compared with the baseline (P<0.001; Table III ). Abdominal pain (P<0.001) and indigestion (P<0.05) scores were significantly lower at 8 and 24 weeks compared with the baseline (Table III) . The constipation score was significantly lower at 24 weeks compared with the baseline (P<0.05; Table III ).
In the FSSG <8 group, the reflux scores of GSRS were 3.96±1.7, 2.84±1.0 and 2.96±1.2 at 0, 8 and 24 weeks of maintenance therapy, respectively, the scores were significantly lower at 8 weeks after switching to vonoprazan 10 mg compared with the baseline (P<0.01; Table III ). Otherwise, no significant differences in GSRS subscale scores were observed during the 24-week treatment period (Table III) .
Safety.
No serious adverse events were reported during the study. Adverse events considered attributable to vonoprazan 10 mg occurred in 1 of the 52 patients, who presented with mild abdominal fullness. This symptom improved throughout the treatment period with no intervention. The mean gastrin level was 1,059 pg/ml (88-3,126; Table I ).
Discussion
The results of the present study demonstrate for the first time that vonoprazan 10 mg is a clinically 24-week maintenance Table III . Changes in gastrointestinal symptom rating scale for individual symptoms. therapy for patients with healed RE in endoscopic and symptomatic remission irrespective of whether RE refractory to PPIs was initially healed by treatment with vonoprazan 20 mg. These results indicate that vonoprazan 10 mg once daily prevented esophageal mucosal break relapse in 37/43 patients (86.0%).
Maintaining control of symptoms and mucosal healing is the most important goal of GERD therapy (26, 27) . Long-term therapy with PPIs typically controls GERD more effectively than other therapies including H2-receptor antagonists and prokinetic agents (1) . PPI therapy relieves symptoms and controls esophagitis in most patients with RE (28) and is recommended as the first-line treatment for GERD (1) . A number of clinical trials have examined the efficacy of PPIs in GERD maintenance therapy, comparing different PPI doses and different PPIs; large-scale studies employing more >1,000 patients revealed that esomeprazole 20 mg was superior to other PPIs (29) (30) (31) . During a period of 6 months, esomeprazole 20 mg once daily effectively maintained endoscopic and symptomatic remission (78.7-87.0%) in patients who had been successfully treated for RE (29) (30) (31) (32) (33) .
Although PPIs are recommended as the first-line treatment for GERD (1), they also possess a number of limitations, including incomplete gastric acid suppression (especially at night), inter-patient variability in efficacy due to CYP2C19 metabolism and the inconvenience of requiring mealtime dosing to ensure adequate levels of the drug during periods of H + ,K + -ATPase activity. In addition, PPIs are slow to achieve steady state inhibition of gastric acid secretion, typically taking 3 to 5 days to achieve maximum inhibition (34, 35) . The effect of vonoprazan 20 mg is attributed to its potent (14-16) and rapid (14, 15) acid secretion suppressive effects. Vonoprazan 20 mg was demonstrated to have a significantly greater acid-inhibitory effect compared with esomeprazole 20 mg and rabeprazole 10 mg in healthy Japanese subjects with the CYP2C19 extensive metabolizer genotype (15) . Recent studies revealed that vonoprazan 20 mg is an effective treatment for a majority of Japanese patients with RE refractory to PPI (17) (18) (19) . Jenkins et al (14) reported that the mean efficacy rate of 10 mg vonoprazan in achieving a gastric acid pH of 4.0 or higher was 63%. As the mean efficacy rate of achieving gastric pH 4.0 or higher by standard-dose PPI is 50-65% (15, 26, 36, 37) , the efficacy of vonoprazan 10 mg may be similar to or higher than that of standard-dose PPI. However, the results of the present study revealed that 24-week treatment with vonoprazan 10 mg once daily successfully maintained endoscopic remission (86.0%) and symptomatic remission (86.5%) in patients who had been successfully treated by vonoprazan 20 mg for RE refractory to PPIs. This may be why individual differences in the acid-suppressive effects of vonoprazan were small, as vonoprazan is mainly metabolized by CYP3A4 rather than CYP2C19 (38) .
In the present study, 27 patients (51.9%) had a total FSSG score of ≥8. In the FSSG ≥8 group, the mean acid reflux-associated symptom scores of FSSG and mean reflux score of GSRS improved significantly as early as 8 week after switching to vonoprazan 10 mg. However, in the FSSG <8 group, the mean acid reflux-associated symptom scores of FSSG and mean reflux score of GSRS were significantly lower only at 8 weeks, with no significant difference observed at the end of the 24-week maintenance period. These results suggest that vonoprazan 10 mg may improve residual GERD symptoms in patients receiving vonoprazan 20 mg.
In the FSSG ≥8 group, GSRS abdominal pain and indigestion scores were lower at 8 and 24 weeks compared with at the baseline. These results are in line with the results of a previous study in which GSRS scores were evaluated after treatment with the H2 blocker famotidine and the PPI omeprazole (39) . It was reported that the combination treatment significantly improved the acid reflux-associated symptoms as well as the scores for abdominal pain and indigestion (39) . These findings suggest that treatment with acid secretion suppressors may improve QoL associated with gastrointestinal tract symptoms other than those affecting the esophagus.
A study by Hori et al (40) indicated a high prevalence of FD and IBS in patients with GERD, which is consistent with the findings of the present study. Furthermore, Locke et al (41) conducted a study on gastrointestinal symptoms using a medical questionnaire that confirmed the presence of a complex overlap of symptoms involving the upper and lower gastrointestinal tract, including acid reflux-associated symptoms, dyspepsia symptoms, constipation and diarrhea. Similarly, the majority of patients with RE in the present study reported diverse gastrointestinal symptoms and complications.
Vonoprazan has been reported to have a favorable safety and tolerability profile (13, 14, 16) . The median morning fasting gastrin level following the administration of vonoprazan 20 mg for 4 weeks and vonoprazan 10 mg for 24 weeks was 1,058 pg/ml, which is similar to that reported in a phase 3 clinical trial and previous studies (16, 17, 19) . Although PPI-induced hypergastrinemia does not appear to be associated with carcinoid tumor development, follow-up monitoring of gastrin levels in patients treated with vonoprazan may be necessary.
The present study has several limitations. Firstly, the study population was relatively small. Secondly, the therapeutic efficacy of vonoprazan 10 mg in the present study is presented as a result of the evaluation of changes in a single group of patients in comparison with the baseline. Thirdly, the results of the present study are subject to potential patient bias given its open-label design. Fourthly, the presence of the CYP2C19 genotype was not investigated and 24-h gastric and esophageal pH monitoring was not performed. In order to confirm the results herein, multicenter investigations with a larger number of patients with RE refractory to PPIs and control subjects is required.
In conclusion, the present study demonstrated that vonoprazan 10 mg once daily is an effective 24-week maintenance therapy for patients with healed RE refractory to PPIs. Furthermore, vonoprazan 10 mg may improve residual GERD symptoms in patients receiving vonoprazan 20 mg. These results suggest that vonoprazan may be a better therapy for the maintenance treatment of patients with healed RE than currently used first-line PPI therapy.
